In this chapter, the nonlinear propagation of DIA shock waves in an un- 
Introduction
The Korteweg-de Vries (K-dV) equation, which governs the evolution of solitary waves, was first derived by Washimi and Tanuiti in a normal twoApul N. Dev, J. Sarma, M. K. Deka, A. P. Misra and N. C. Adhikary, Kadomtsev-Petviashvili component plasma [Washimi & Taniuti (1996) ] using a reductive perturbation technique. It has been reported that multi-component plasmas in the presence of sufficient amount of negative ions can support both compressive and rarefactive K-dV solitons [Das & Tagari (1975) ]. Furthermore, the properties of DIA solitary waves and shocks as observed in laboratory dusty plasmas are well explained by the modified K-dV and K-dV-Burgers' equations [Adhikary et. al. (2009 ), Gill et. al. (2010 ), Nakamura et. al. (1999 and Skukla (2000)].
In the novel work of Shukla [Rahman et. al. (2007) ], the DIA shocks and holes were described by the K-dV -Burgers' equation in the presence of ion kinematic viscosity in dusty plasmas. In a similar work, Rahman et. al. (2007) studied the characteristics of dust-acoustic (DA) shocks in a adiabatic dusty plasma. It has been confirmed that the presence of negative ions in dusty plasmas also plays an important role in many aspects including charges of dust particles. Such negative ions in plasmas can also lead to the formation of rarefactive DIA solitons [Adhikary et. al. (2009)] .
It is well known that in a nonlinear dispersive media shock waves are formed due to an interplay between the nonlinearity (causing wave steepening) and dissipation (e.g., caused by viscosity, collisions, wave particle interaction, etc.) [Xue (2003) , Adhikary (20012), Misraet. al. (2012) , Mamun & Zobaer (2014) ]. However, when a medium exhibits both dispersive and dissipative properties, the propagation characteristics of small-amplitude perturbations can be adequately described by K-dV-Burgers' (in one-dimensional) or K-P-Burgers' (in two or three dimensios) equations. Many powerful methods have been established and developed to study these nonlinear equations by using the standard reductive perturbation method, but one-dimensional form of expression cannot explain the complete picture of the solitary waves formed in nature. Kadomtsev and Petviashvilli (1970) proposed a multi-dimensional dispersive wave equation to study the stability of one soliton solution of the KdV equation under the influence of weak transverse perturbations. This K-P equation is a partial differential equation to describe the nonlinear wave motion in more than one dimension and till then the K-P equation has been considerably used in describing the nonlinear plasma dynamics.
In a theoretical study, [Duan (2001) ] had considered transverse perturbations and studied the propagation of DA solitary waves in an unmagnetized plasma in the framework of K-P equation . Gill et. al. (2006) analyzed the properties of K-P solitons in plasmas with two temperature ions and reported the formation of both the rarefactive and compressive solitons. In a similar study, Masood & Rizvi (2012) reported the formation of twodimensional nonplanar electrostatic shocks in an un-magnetized asymmetric pair-ion plasma and found that the kinematic viscosity enhances the shock strength. In an another work, Dorranian & Sabetkar (2012) , derived a K-P equation using reductive perturbation method and studied the effects of nonthermal ions on the solitons in a dusty plasma. They also showed that the formation of compressive and rarefactive solitary waves are strongly dependent on the number density and temperature of nonthermal ions.
Furthermore, K-P equations for nonlinear DIA waves in dusty plasmas with warm ions as well as in pair-ion plasmas were investigated [El-Wakil et. al. 2013 , Rehman (2013 ].
Theoretical formulations
We consider the propagation of DIA waves in a multi-component dusty plasma consisting of inertia-less electrons, a pair of singly charged inertial ions and immobile negatively charged dust particles. At equilibrium, the overall charge neutrality condition reads 0 
Where nj, vj, and mj, respectively, denote the number density, fluid velocity, and mass of j-species ions with ( ) ( ) p n q e e = -for positive (negative) ions. In Eq.
(3.2), we have used the adiabatic equation of state for ions, i.e.,
for three dimensional geometry of the system and Tj is the particle's thermodynamic temperature.
The inertialess electron density is given by the Boltzmann distribution
Where φ is the electrostatic potential and B k is the Boltzmann constant and finally the Poisson's equation given by
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We normalize the Eqs. 
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K-P-Burgers' equation
In order to derive the K-P-Burgers' equation from Eqs. (3.5) to (3.9) we use the reductive perturbation technique with the stretched coordinates: 2  3  2  3   1  2  3  2  3   3  5  7  1  2  3  2  2  2  , , , 
In what follows, we substitute the above stretched coordinates Eq. (3.10) and the expansions Eq. (3.11) into Eqs. (3.5) to (3.9), and equate the coefficients of different powers of e . In the lowest order of e , we get the first-order quantities: to (3.23) and following by a straight forward elimination of
f , we obtain the required K-P-Burgers' equation as:
Where the coefficients of nonlinearity and dispersion are, respectively, A and B.
The dispersive coefficients C and D appear due to the ion kinematic viscosities and the transverse perturbations respectively. These are given by ( ) 
Equation ( and U = 10, the transition from shocks with positive potential to negative one occurs at l < 0.3.
Results and discussion
In this section we numerically examine the nonlinear wave speed λ, the coefficients of the K-P-Burgers' equation as well as shock profiles of Eq. et. al. (2009 et. al. ( ), Adhikary et. al. (2007 ].
In is also found that the ion mass ratio 'm' has an important effect on the wave speed λ. As the mass ratio increases an enhancement of the wave speed is seen to occur. However, the normalized dust density µd reduces the wave speed for the same plasma parameters.
Next, we investigate the interplay among the coefficients of the K-P-B equation (3.24) with various dusty plasma parameters. In the sub Fig. 3.2(a) the variation of the nonlinear coefficient A with the electron to negative ion density ratio ( 
Conclusion
We have investigated the nonlinear propagation of DIA shocks in an unmagnetized dusty negative ion plasma. Using the standard reductive perturbation technique, a K-P-Burgers' equation is derived which governs the dynamics of small-amplitude DIA shocks in dusty pair-ion plasmas. It is shown that the different magnitudes of ion temperatures, mass and number density of both the ions, electron density, dust particle charge together play a crucial role in the formation of DIA shocks in multi-component dusty plasmas. It is also found that there is a critical density of electron to negative ion density ratio for which a transition of shocks with negative potential to positive one occurs. On
